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WICCI Central Sands Hydrology Working Group, 2011



Can we better quantify 
evapotranspiration (ET) 

to improve understanding of 
Central Sands water cycle

and improve 
irrigation demand forecasting? 



Ways to measure ET
• Meteorological approximations: Thornthwaite, Priestly-Taylor, 

Penman-Montieth
– Strong assumptions on surface properties, ET driven by radiation

• Residual: Measure precipitation, soil moisture, runoff, back out ET
– Subject to high uncertainty

• Lysimeters
– Labor-intensive, small-area estimate

• Remote sensing
– Assumptions on links between electromagnetic radiation and ET, satellites 

don’t work with clouds

• Process models
– Captures all aspects but requires extensive, hard to measure parameters

• Eddy covariance
– Direct method, whole field, expensive and expertise required

• Machine “Learning”
– Site-specific, hard to extrapolate or interpret, but powerful for forecasting



Ways to measure ET
• Meteorological approximations: Thornthwaite, Priestly-Taylor, 

Penman-Montieth
– Strong assumptions on surface properties, ET driven by radiation

• Residual: Measure precipitation, soil moisture, runoff, back out ET
– Subject to high uncertainty

• Lysimeters
– Labor-intensive, small-area estimate

• Remote sensing
– Assumptions on links between electromagnetic radiation and ET, satellites 

don’t work with clouds

• Process models
– Captures all aspects but requires extensive, hard to measure parameters

• Eddy covariance
– Direct method, whole field, expensive and expertise required

• Machine “Learning”
– Site-specific, hard to extrapolate or interpret, but powerful for forecasting



Eddy Covariance
“Flux Towers”
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Landuse Percentage
Deciduous Forest 32
Corn 20
Alfalfa 12
Sweet Corn 7
Potato 5



US-CS2
Tri-County School Forest

US-CS1
Heartland Farm



US-CS1
Heartland Farm
Operating from Jun 30, 2018



US-CS2 Tri-County School Forest
Operating from October 12, 2018



Finnigan et al (2003)



Burba and Anderson (2010)



“Fluxnet”





Can we get some useful units 
please?

• Latent Heat Flux is measured in 
Watts per square meter over 30 minutes
– 1 Watt = 1 Joule per second
– Multiply by seconds in 30 minutes
– Divide by latent heat of vaporization 
– Divide by density of water
– Convert meters to inches
– Sum values up to a time step we care

• Now we get evapotranspiration (ET) in 
inches per hour or day

• Yay!



Maximum water 
loss right after 

solar noon
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Can machines “learn” ET?



Forecasting of GW depth with help of 
Neural networks

Model Inputs:



Training Period : 2010-2014

Testing Period: 2015-2017
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Lower GW depth means 
shallower GW

Residuals= (observed-simulated)

Model overestimated GW depth especially 
during summer months for three month 
forecast model 
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Looking to the future



Within-field VWC variation vs. 
Soil Texture & Yield

ECa YieldMean VWC-2016

Jingyi Huang, UW-Madison Soil Science
+ NASA JPL



Water use Efficiency (WUE)=GPP/ET

More WUE less ET 

8th August 2018
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